A comprehensive optical investigation of 1,1-dicyano-2,2-bis(4-dimethylaminophenyl)ethylene (1) is presented. The compound crystallizes in four different forms all displaying AIE behavior. The crystalline forms A and B are yellow-orange-emissive, while C and D are green-emissive. On the basis of X-ray structural analysis, the weak intermolecular interactions account for restricted internal rotations, leading to fluorescence enhancement in the crystals; however, the difference in emission color is ascribed to the various conformations of the molecules in the four crystalline forms. In addition, the emission color of crystals of A can be tuned by heating and grinding, that of B by grinding only, while crystals of C show chronochromic behavior. An explanation for such a rich variety of luminescence behavior is formulated here through the use of steady state and time resolved photoluminescence, X-ray diffraction analysis and DFT and TDDFT calculations. The involved chromic mechanism appears to be mainly associated with surface defects induced by the external stimuli rather than an amorphization process, as frequently observed for other stimuli responsive compounds.
Introduction
Organic materials that exhibit strong emission in the aggregated state have aroused much interest in recent years because of their potential applications in optical and optoelectronic devices such as light-emitting diodes, 1 optical waveguides 2 and optically pumped lasers. 3 D-p-A type dyes usually exhibit unique fluorescence properties due to their intramolecular charge transfer (ICT) transitions, which endow them with tuned electronic states under various conditions. 4 However, aggregation-caused quenching (ACQ) often takes place in the condensed phases for most D-p-A luminogens, 5 limiting their real-world applications. In recent years, Tang and other groups have reported several types of organic molecules which show an unusual luminescence behavior; they are weak or non-emissive in solution, but show enhanced efficiency in the solid states. 6 Such aggregation-induced-(enhanced) emission (AI(E)E) is frequently ascribed to restricted internal rotations (RIR). 6, 7 For applications in optoelectronic devices as well as sensors 8 and memories, 9 emissive materials whose emission intensities and colors can be tuned are highly desirable. However, variation of the solid state luminescence color is less affordable than in solution due to the difficulty in obtaining different stable phases in the aggregated state with varied molecular conformations. This goal can be reached either by obtaining a compound crystallizing in different polymorphs or by altering the molecular geometry and/or packing mode by external stimuli, especially heat, 10 solvent vapor 11 and mechanical perturbation 12 (including shearing, grinding, smashing or elongation), allowing to control solid state luminescence (thermo-, vapo-and mechanochromism respectively). In some cases, the emission properties show variations in time, at room temperature and without the need for external stimuli, a behavior named chronochromism. This process was reported for AIE materials recovering their initial state from a metastable state generated by an external stimulus (self-healing effect) 13, 14 or for materials that undergo spontaneous transition towards a more stable crystal phase. 15 In some cases the chromic variations are associated with changes in the crystal packing (different polymorphs), more frequently to a switch between crystalline/amorphous phases. More intriguing are fluorophores displaying sharp variations in the emissive properties while maintaining the same crystal structure. Few examples of this chromic behavior have been reported so far but a definitive explanation is still lacking. Possible explanations rely on the particle size and the surface structure of solids. 16a In particular, different electronic processes have been hypothesized in the bulk and at the surface of microcrystals so that two emission centers, one in the middle and another in the periphery of the solids, are responsible for the whole luminescence. 16, 17 We have previously reported on the efficient AIE properties of a series of ''push-pull'' dyes possessing common structural features: a trisubstituted ethylene core, decorated with two carboxylate esters and a 4-dialkylaminophenyl branch as the third substituent. 18a Studying in detail one of the AIE active compounds using ultrafast pump-probe spectroscopy combined with calculations, we have given direct evidence that the restriction of the intramolecular rotation is the key process for switching on the AIE properties. 19 In this paper, we report the interesting emissive behavior of 1,1-dicyano-2,2-bis(4-dimethylaminophenyl)ethylene, 1 (see Scheme 1), displaying AIE and structure dependent chromic properties. In particular, four different crystalline forms have been isolated: the yellow-orange-emissive form A, the yellow-emissive form B and the green-emissive forms C and D, the latter containing a co-crystallized CH 2 Cl 2 molecule. Their stimuli responsive emissive behavior is analyzed here by fluorescence spectroscopy, X-ray diffraction analysis and computational methods.
Experimental
UV-Vis absorption spectra were obtained using a Perkin Elmer Lambda 900 spectrometer and PL spectra using a SPEX 270 M monochromator equipped with a N 2 cooled chargecoupled device excited using a monochromated 450 W Xe lamp. Spectra were corrected for the instrument response. Photoluminescence quantum yields (PL QYs) of solutions were obtained by using quinine sulfate or anthracene as standard. PL QYs of crystals and powders were obtained by using a homemade integrating sphere, as previously reported. 20 Fluorescence microscopy images were collected using a Nikon Eclipse TE2000-U inverted confocal microscope. Excitation was performed using a 100 W Hg lamp and a 330-380 nm band-pass excitation filter or a 405 nm laser. Spectra were recorded by connecting the confocal microscope with the monochromator using an optical fiber.
Lifetime measurements and Time Resolved Emission Spectra (TRES) were performed using an Edinburgh Picosecond Pulsed Diode Laser EPL-UV 375 (Edinburg Instruments Ltd) at a repetition rate of 20 MHz to 50 kHz and a pulse width of 66 ps. The dynamics of emission decay were monitored by using the FLS980s time-correlated single-photon counting.
Diffraction data for single crystals of A-D were collected on a Bruker Smart Apex II CCD area detector using graphitemonochromated Mo-Ka radiation. Data reduction was made using SAINT programs; absorption corrections based on multiscan were obtained using SADABS. 21 The structures were solved using SHELXS-97 22 and refined on F 2 by full-matrix least-squares using SHELXL-97. 22 All the non-hydrogen atoms were refined anisotropically, hydrogen atoms were included as 'riding' and not refined. Powder patterns were recorded on Philips PW1820 and Bruker AXS D8 diffractometers (Cu-Ka radiation, l = 1.5405 Å) in the 5-401 2y range (0.021 and 1.5 s per step). All calculations have been performed using the Gaussian suite of programs. 23 Geometry optimization of the ground state (S 0 ) has been performed at the PBE0/6-311++G(d,p) 24 level of theory, starting from the experimental X-ray geometry of polymorph A. We imposed a C 2 symmetry constraint since the free optimization led to a quasisymmetrical structure. Standard vertical Time Dependent (TD) DFT calculations were then carried out at the C 2 optimized geometry using the same functional and basis set to determine the excited state properties. Up to 20 vertical excitations from S 0 have been evaluated, including both singlet and triplet excited states. The lower energy singlet excited state (S 1 ) was then submitted to TD-PBE0/6-311++G(d,p) geometry optimization to evaluate the emission from S 1 to S 0 . Excited state optimization required to remove the C 2 symmetry constraint to get a stationary point. The performance of the PBE0 functional in describing the electronic and optical properties of the present compound has been assessed together with that of other exchange-correlation functionals (CAM-B3LYP and M062X) generally suggested, besides PBE0, as the outperforming ones for optical property calculations on organic chromophores 25 (see ESI †). All calculations were carried out in toluene using the conductor-like polarizable continuum model, CPCM. 26 For TDDFT calculations the linear response approach has been adopted. 27
Results and discussion

Molecular optical properties
Compound 1 was synthesized modifying a literature procedure (see ESI †). 28 UV-vis absorption and emission spectra of 1 in different solvents are reported in Fig. 1 . Positive solvatochromism is observed for both, being stronger for the emission spectra indicating that the excited state is more polar than the ground one.
The compound's emission QY in good solvents is very low (o0.1%), but an intensification of the emission is observed after introducing poor solvents ( Fig. 2a and Fig. S4 , ESI †). This observation suggests an Aggregation Induced Emission (AIE) behavior associated with the formation of aggregates of 1 by addition of poor solvents, as reported earlier. 18 The fluorescence intensity of 1 in acetone and acetone/water mixtures (retaining a concentration of 10 À5 M) with increasing water (non-solvent) fraction up to 90% are reported in the inset of Fig. 2a . The emission intensity (QY of about 0.07%) of the solutions is not affected by the non-solvent addition up to 80% water fraction. At higher water concentrations the emission intensity increases (by a factor of 25 at 90% water content), the band shape sharpens and slightly (5 nm) red-shifts. These variations start in the first minutes after non-solvent addition to the acetone solution with a temporal evolution that depends on the water content, as recently reported. 14 The fastest variations are observed for the highest water volume: the maximum of the emission intensity is obtained in about 40 and 20 min for water fractions of 85 and 90%, respectively. At longer times a reduction in the emission intensity is observed, probably due to the precipitation of large aggregates, while the emission retains its sharp spectral shape. The time evolution of the emission spectra for the 85% water content solution is reported as an example in Fig. 2a .
In order to support a Restricted Intramolecular Rotation (RIR) mechanism at the origin of the emission intensification, as is often the case for AIE fluorophores, the spectra of a diluted (3.5 Â 10 À5 M) good solvent (THF) solution at room temperature and at temperatures down to the solidification point of the solvent have been collected (see Fig. 2b ). While at room temperature the emission is very weak, below the solidification point of the solvent (about 165 K), where the molecular motions are blocked, an increase in the emission intensity is observed, reaching a factor of about 300 at 110 K. Below 120 K the PL spectrum of the solution shows a narrowing of the profile and blue-shifts to 510 nm at 80 K. Moreover, the appearance of a new band at 595 nm is observed below 100 K.
A deeper analysis of the low temperature emissive behavior performed by time resolved spectroscopy (see ESI †) revealed a fast decay (biexponential with 3.70 ns of average lifetime) for the 510 nm peak while much slower decay (with an average lifetime of 0.93 ms) is measured at 620 nm, suggesting a phosphorescence origin of the low energy band. The emission spectrum recorded at long delay times (2.5 ms) in order to cut the fluorescence emission is shown in the inset of Fig. 2b , confirming the phosphorescence origin of the 595 nm peak observed in the steady state spectrum at temperatures below 100 K.
A phosphorescence band is known to appear in aromatic amines, particularly in N-alkylamines, 29 and has been ascribed ) with 85% water measured at different delay times from water addition. In the inset the intensity of the emission for different water fractions (normalized with respect to the intensity at 0% water) is reported, as measured just after water addition. (b) Emission spectra of a THF solution of 1 at different temperatures. In the inset the PL emission at 77 K measured at 2.5 ms delay is reported.
to the not strict parallelism between the lone-pair orbital on the nitrogen atom and the p-electron system of the aromatic ring, which determines nonvanishing terms in the matrix elements of spin-orbit coupling. 30 The increase of the CT character of the lower-lying electronic states is expected to increase the transition moment from the first excited triplet state T 1 and the ground state S 0 . 30 In the presently investigated push-pull compound 1, the N-dimethyl groups are only slightly rotated with respect to the benzene rings to which they are bonded, 31 but the large CT character of the low energy transitions (vide infra) is expected to result in non-null phosphorescence yield, detectable only at low temperature.
Quantum chemical calculations
The 421 nm absorption of 1 in toluene is well reproduced by TD-PBE0/6-311++G(d,p) calculations on the optimized PBE0/ 6-311++G(d,p) geometry (see Fig. 3 ) which provided, in the same solvent, excitation energies S 0 -S 1 and S 0 -S 2 at 415 and 408 nm, respectively, characterized by similar oscillator strengths ( f = 0.71 and 0.47, respectively) and associated almost totally (99%) with HOMOÀ1 -LUMO and HOMO -LUMO transitions, respectively. The involvement of two transitions in the observed absorption band is confirmed by a slight skewness of the absorption profiles (see Fig. 1 ).
Though very close in energy, the two transitions have a different nature because the two involved occupied MOs, HOMOÀ1 and HOMO, have quite different delocalization schemes (see Fig. S3 (ESI †) for a plot of the Frontier MOs, FMOs). While HOMOÀ1 is concentrated on the electron-donor dimethylamino-phenyl groups, the HOMO is delocalized on the whole molecule, though with larger contributions on the electron-donor groups. The LUMO is as well distributed on the whole molecule with larger contributions on the electronacceptor CN groups. Such FMO delocalization scheme, which is almost invariably reproduced by other DFT functionals (see Fig. S3 , ESI †), appears to be different from that usually found in other push-pull cross-conjugated architectures, which are characterized by spatially disjoint distributions of HOMOs and LUMOs. 32 Both transitions involve a charge transfer from the push to pull moieties of the molecule, with an increase of the computed dipole moment from the ground (m g = 13.9 D) to S 1 and S 2 excited states (m e = 19.1 and 15.7 D, respectively), in agreement with the observed stronger solvatochromism of the excited state with respect to the ground state.
To investigate the origin of the proposed AIE behavior of 1, TD-PBE0/6-311++G(d,p) optimization of the S 1 excited state in toluene has been performed, leading to a stationary state characterized by a remarkable conformational rearrangement of the molecule. Starting from the optimized S 0 geometry, where the dimethylamino-phenyl groups are significantly tilted with respect to one another (the dihedral angle a between the least-squares planes through the phenyl carbon atoms measures 65.11), optimization of S 1 leads to a geometry where one dimethylamino-phenyl group is coplanar with the two cyano groups, forming a highly conjugated system with them, while the other one is almost perpendicular to this plane (see Fig. S5 , ESI †). Emission from S 1 , computed at 587 nm, principally (99%) involves a transition from the LUMO, which is delocalized on the conjugated system, to the HOMO, which is distributed essentially on the perpendicular dimethylaminophenyl group (see Fig. S5 (ESI †) for a FMO plot of the S 1 optimized state). Owing to the perpendicular arrangement of the two molecular groups in the excited state and the consequent negligible FMO spatial overlap, the oscillator strength of the emission is zero. These results are in agreement with the experimental observation of the poor emissive behavior of 1 in good solvents and further support the hypothesis that the AIE behavior is connected to a RIR mechanism, which prevents the formation of the highly conjugated non-emissive excited state.
Further TDDFT calculations have been performed on 1 at the ground-state geometry optimized in toluene, by including triplet excitations in order to support the hypothesis of phosphorescence emission experimentally detected at low temperature. The T 2 state, computed at 509 nm, was found to be relatively close to the S 1 state (DE S 1 T 2 = 0.53 eV) (see Scheme 2) and share with it the same character (mainly HOMOÀ1 -LUMO transition, see above), where the HOMOÀ1 orbital has a large Fig. 3 Optimized PBE0/6-311++G(d,p) geometry of 1 with atom numbering scheme. a is the dihedral angle between the planes through the carbon atoms of the phenyl rings, plotted in yellow and orange, respectively; b is the C1-C2QC3-C4 torsion angle.
Scheme 2 Jablonski diagram of compound 1 (t values are measured in THF at 77 K). contribution (32%) from the lone-pair electrons of the amine nitrogen atoms. To the first order, spin-orbit coupling is forbidden between states with the same configuration, 33 and this, in addition to the non-negligible DE S 1 T 2 gap, should further decrease the efficiency of the S 1 -T 2 process in the present compound. These results are in agreement with the observed low phosphorescence yield, unlike room temperature phosphorescent organic compounds 34 characterized by quite smaller DE S 1 T 2 and different S 1 -T 2 configurations. Finally, the T 1 state, having the same character as S 2 (mainly HOMO -LUMO transition), was computed at 587 nm, very close to the experimental phosphorescence band (595 nm).
Crystal structures
Interestingly, four kinds of crystals of 1 were obtained by slow precipitation from a solution of dichloromethane/hexane. The crystals are characterized by different morphologies and absorption and emission colors. In particular, orange (orange emissive) crystals of prismatic shape (referred to as A), orange rod-like (yellow emissive) crystals (referred to as B), greenyellow (green emissive) needles (referred to as C) and yellow (green emissive) plate (referred to as D) were isolated and their crystal structure determined (see Table S2 , ESI †). The crystal structures of two forms of 1, synthesized through alternative routes by Suzuki et al. 35 and Bures et al., 36 were previously published without optical characterization. Polymorph A displays a crystal structure corresponding to that previously determined by Suzuki et al.; it belongs to the C2/c space group with half a molecule in the asymmetric unit (a.u.). Crystals of B as well belong to the C2/c space group with half a molecule in the a.u., while crystals of C belong to the non-centrosymmetric P2 1 space group with two molecules in the a.u. Crystals of D, 36 which include dichloromethane as a co-crystallized solvent, belong to the P2 1 /c space group with one molecule in the a.u. A distinctive feature of the molecular structures of A-D is their twisted conformation due to sterical hindrance both between the CN and the dimethylamino-phenyl substituents and between the phenyl rings. Three geometrical factors can play in a concerted way to reduce such hindrance (see Fig. 3 ): (i), the (N)C-CQC-C(Ph) torsion angle b; (ii), the reciprocal tilting of the phenyl rings, which can be quantified through the dihedral angle a between the least-squares planes through the phenyl carbon atoms; and (iii) the central double bond, which is significantly elongated with respect to the value of 1.331(9) Å reported for (C 2 )-CQC-(C 2 ) unconjugated bonds 37 denoting a high conjugation degree for the present compound. It is to be pointed out that, owing to the cross-conjugated architecture of 1, 38 the phenyl rings, connected with each other by two single bonds, are separately conjugated to each CN group, as well as the CN groups are separately conjugated to each phenyl ring. The observed conformational differences in the four crystals (see Table 1 ), though small, are associated with a different conjugation degree between the molecular moieties connected through the CQC double bond, as indicated by the reported bond lengths. In particular, the lower the dihedral angle between the phenyl rings, the larger the distortion around the double bond and greater the cross-conjugation. The different conformations of A-D are expected to reflect into different excitation and emission spectra. As evident from parameters in Table 1 , polymorphs A and B possess similar molecular conformations quite different from those of C and D.
The twisted conformations of A-D rule out the presence of strong intermolecular p-p stacking interactions, excluding the formation of H-or J-aggregates. On the other hand, the weak intermolecular interactions found in A-D structures (a partial view of the crystal packing of A is reported in Fig. 4 as an example) are enough to fix the molecular conformations in the crystal structures activating the RIR mechanism. In both A and B structures, molecules are arranged along chains connected through weak C-HÁ Á ÁN hydrogen bonds with weak p-p stacking interactions connecting the chains with each other (see Fig. 4 for crystal packing of A). In structures of C and D, on the other hand, a quite dense intermolecular interaction network, based on several weak C-HÁ Á ÁN and C-HÁ Á Áp interactions, is observed (see ESI † for a detailed description of crystal packing of A-D Table 1 (N)C-CQC-C(Ph) torsion angles (b, 1) , dihedral angles (a, 1) between the least-squares planes through the phenyl rings and selected bond lengths (Å) for A-D a b a CQC C-C(CN) C-C(Ph) and Fig. S6-S8 (ESI †) for a partial view of the crystal packing of B-D). The structural analysis on the four crystal forms A-D highlights, also in the molecular packing, similarities between A and B, which are both markedly different from the packing of C and D (see Fig. S9 and S10, ESI †). Such structural similarity is reflected in a similar emissive spectral range for A and B.
In order to evaluate the influence of molecular and crystal structures on the optical properties, we have performed PBE0/ 6-311++G(d,p) calculations on 1 by freezing the torsion angle b to selected values and relaxing all the other freedom degrees (see Table 2 ). Looking at the reported computed bond lengths, the degree of p-electron cross-conjugation is expected to increase with increasing b angle and decreasing a angle, in the same way as observed in the X-ray crystal structures. The results of TDDFT calculations, also reported in Table 2 , are indicative of a red-shift of the computed absorption wavelengths with increasing conjugation degree, suggesting a negligible influence of the crystal packing on the optical behavior.
Polymorphism-dependent fluorescence properties
Crystals of A-D show an increase of more than one order of magnitude of the PL quantum efficiency with respect to the solution, according to an AIE mechanism. In addition, crystals of A and B display irreversible emissive mechanochromism, crystals of A also show reversible thermochromic behavior while crystals of C show chronochromism. Crystals of D undergo a phase transition to form B upon standing in air or, more rapidly, upon mild thermal treatment (see Scheme 3).
Chromic processes of A. The PL emission spectrum of a single crystal of A as measured by exciting at 405 nm using confocal microscope apparatus is reported in Fig. 5 .
The emission is composed of two contributions at about 595 and 550 nm. In order to investigate the possible phosphorescence origin of the 595 nm emission (as observed in the glassy solution), we have performed time resolved analysis of the crystal emission. These measurements confirmed the fluorescence origin of all the spectral components of the crystal emission (average lifetimes of about 1.50 ns, independent of the emission wavelength, see ESI †).
Phosphorescence is detected only upon lowering the temperature of the crystal and shows a structured spectrum with the main peak at 620 nm and an average lifetime of 1.82 ms (see Fig. S11 , ESI †). Interestingly, when crystal A is gradually heated up to 130 1C, the 595 nm component disappears, but it is restored when the crystal is cooled back to room temperature. The reversibility of this thermochromic behavior seems reasonable to be ascribed to the presence of different surface emission centers in the crystals rather than to a phase transition. The observation that the lower energy component disappears at high temperature suggests its origin from a smoother surface region, 16 which is perturbed at high temperature and recovered at room temperature. In addition, A displays an evident mechanochromic behavior. In fact, as shown in Fig. 5b , when a single crystal of A is ground with a spatula, yelloworange (555 nm) fragments are obtained. Upon smashing, the emission color is further blue-shifted to 535 nm, a value quite close to that observed for the diluted glassy solution. The PL quantum efficiency of the single crystal is equal to 3%, increasing to 4% upon mild grinding, while it decreases below 1% upon smashing when the emission shifts to green. The original 595 nm emission cannot be restored by performing annealing treatment of the ground crystals.
The mechano-induced changes of A were also monitored by X-ray powder diffraction (XRPD) after different grinding steps (see Fig. 6 ). The XRPD pattern of very slightly ground crystals of A shows intense and sharp reflection peaks, in good agreement with the simulated pattern of polymorph A. After further grinding, the XRPD profile shows the same but significantly enlarged and attenuated signals attributable to the partial amorphization of the solid. At this stage, the number of surface defects is expected to be greatly increased leading to the quenching of the low energy emission component in the PL spectra. angles (a, 1) between the least-squares planes through the phenyl rings, selected bond lengths (Å) and excitation energies (l, nm) with associated oscillator strengths (f) and assignments based on MO contributions, computed on 1 at the PBE0 and TD-PBE0/6-311++G(d,p) levels of theory in toluene for different fixed values of the (N)C-CQC-C(Ph) torsion angle (b, 
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When A is obtained as powder by fast precipitation from a CH 2 Cl 2 /hexane solution of 1, as confirmed by XRPD (see Fig. 6 ), a narrow emission centered at 560 nm and PL quantum efficiency of 11% are observed suggesting a stronger emissive behavior in samples with more defective surfaces (see Fig. S13, ESI †) . Surprisingly, in the attempt to prepare the amorphous sample by melting powders of A at 260 1C and rapidly quenching the melt with liquid nitrogen, highly crystalline powders of B were obtained (XRPD evidence) and the emission broadened and slightly red-shifted (see Fig. S12 and S13, ESI †).
Chromic processes of B. Single crystals of B display a structured emission with maxima at 535 and 558 nm with a long tail at lower energy and PL quantum efficiency equal to 3%. Time resolved analysis of the emission confirms a fluorescence origin with average lifetimes of about 2.2 ns at 550 nm (see ESI †) while, similarly to phase A, a structured phosphorescence spectrum with the main peak at 620 nm and an average lifetime of 1.1 ms is detected upon lowering the temperature of the crystal to 77 K (see Fig. S11 , ESI †). When gradually heated up to 120 1C, a decrease of all emission components is observed (see Fig. 7a ) while the original spectrum is almost recovered at room temperature.
The mechanochromic behavior of a single crystal of B was also investigated. When roughly ground with a spatula, a single and sharp emission at 560 nm is observed. Upon smashing the emission is shifted to 535 nm (see Fig. 7b ). This behavior and the trend in the PLQYs are very similar to what was observed for A.
The mechanochromic emission changes of B were also monitored by XRPD after different grinding steps (see Fig. 8 ). The XRPD pattern of roughly ground crystals of B shows intense and sharp reflection peaks, in good agreement with the simulated pattern of polymorph B. Contrarily to polymorph A, the XRPD profile seems less affected by further grinding indicating a lower tendency of B to form an amorphous phase.
The observation of an identical emissive behavior from roughly ground A and B, characterized by different crystal structures, supports the hypothesis of surface defects at the origin of the yellow emission.
Chromic behavior of C. Single crystals of C display an emission centered at 535 nm and a PL quantum efficiency equal to 3%. The single crystal of C does not show relevant mechanochromic effects, and when gradually heated up to 150 1C, only a decrease in the emission intensity is observed (see Fig. S14, ESI †) .
Surprisingly, upon standing in air for several days, the emission color of crystals of C shifts to yellow (560 nm) as shown in Fig. 9 . Upon thermal annealing of the latter sample a further red-shift of the emission is observed. This chronochromic behavior, different from previous findings in the literature, 13, 14 is not associated with a phase transition as indicated by single crystal X-ray diffraction analysis which gave the same unit cell parameters as the freshly prepared crystals of C. A different emissive behavior associated with the same crystal structure has been previously observed for other crystals and (2). Inset: Pictures taken using a confocal fluorescence microscope during the grinding process. Images size is 80 Â 140 mm. Fig. 6 XRPD patterns monitoring the grinding process for compound A: simulated from crystal structure data (black); crystals after mild (red) and thorough (blue) grinding; powders obtained by fast precipitation (cyan).
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ascribed to different surface structures (rough or smooth morphology). 16 It is reasonable that in our case the harsh ambient conditions (humid and very hot summer) have somehow modified the surface morphology leading to the formation of defects characterized by an emissive color different from that of the bulk, as previously reported. 16c,d Further experiments in support of this hypothesis are planned. Chromic behavior of D. Crystals and powders of D, containing co-crystallized dichloromethane, are rather unstable when kept in air owing to the loss of the solvent. Powders of this phase can be conveniently and selectively prepared by Rotavapor drying from CH 2 Cl 2 solutions. The Rotavapor drying must be interrupted immediately after solvent evaporation, otherwise leading to the formation of B, which is also the product of decomposition of crystals of D. The assignment of both starting and final powders was inferred by XRPD patterns, in good agreement with that simulated from single crystal data for D and B, respectively (see Fig. 10 ). The B phase can also be more Fig. 7 (a) PL spectra of a single crystal of B during heating and after the heating cycle (dotted line), inset: microscopy image of a 80 Â 190 mm portion of the crystal. (b) Normalized PL spectra of a single crystal of B before (dotted line) and after mild grinding (1) and smashing (2). Inset: Pictures taken using a confocal fluorescence microscope during the grinding process. The size of the images of inset is 80 Â 80 mm. Fig. 8 XRPD patterns monitoring the grinding process for compound B: simulated from crystal structure data (red); crystals after mild (black) and thorough (blue) grinding. Fig. 9 PL spectra of crystal C: as-prepared (green line), after 20 days (blue line), and the latter after thermal annealing (orange line). In the inset the picture of a portion of one crystal as-prepared (top) and after 20 days (bottom); scale bar is 40 mm long. Fig. 10 XRPD patterns monitoring the desolvation process of compound D and its transformation to B: simulated from crystal structure data for D (black); powders of D freshly prepared (red); simulated from crystal structure data for B (blue); powders of D left in the air (green). quickly obtained from D by mild heating at 50 1C in air, as indicated by the gradual red-shift (from 530 to 558 nm) of the emission band measured using a confocal microscope (see Fig. 11 ).
Conclusions
Compound 1 was synthesized and its emissive behavior was investigated at both molecular and aggregate levels. Four different crystalline phases have been isolated, two of them already known while the other two reported here for the first time. In particular one of the new structures belongs to an acentric space group.
All these phases display AIE (aggregation-induced emission) features and emissive behavior which can be correlated with the molecular geometry as confirmed by DFT and TDDFT calculations, indicating a red-shift of the emission with increasing conjugation degree, as imposed by the crystalline environment. In particular, emission is shifted from the green region for the less conjugated phases C and D to the yellow and yelloworange regions for the more conjugated B and A, respectively. Analogous behavior has been previously reported for another polymorphism-dependent emissive system characterized by a twisted conformation around a double bond, 14 for which the greater red-shift of the emission maxima was shown by the more conjugated conformer.
Interestingly, crystals of polymorph A, characterized by a two-component emission at room temperature, display both thermo-and mechanochromic emissive behavior. The low energy component is reversibly quenched at high temperature due to the decreased contribution from smooth surface regions. The number of defective surface centers is also increased by the grinding process, which induces crystal size reduction and amorphization. At manual smashing both phases A and B show emission properties similar to those of the glassy solution of 1. C does not display thermo-and mechanochromic behavior but chronochromic properties. D is easily transformed into B either spontaneously or by mild thermal treatment due to solvent loss. The D to B transformation represents the only emission color change associated with a phase transition. All the other emission color changes reported in the present study seem to be ascribable to a variation of the crystal surface morphology; in particular, upon grinding, surface defects are formed in which molecules with a relaxed conformation emit a different color.
